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Blunt thoracic aortic injury: A single institution
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Cherrie Z. Abraham, MD, Paola Fata, MD, and Oren K. Steinmetz, MD, Montreal, Quebec, Canada
Objective: To review the treatment of blunt thoracic aortic injuries (BAI) at a single institution over the past 12 years and
compare pre-, peri-, and postoperative variables and outcomes of both open (OR) and thoracic endovascular (TEVAR)
repair of these injuries.
Methods: All cases of confirmed BAI from 1994 to present were included in this retrospective review. Data collected
included demographic data, injury severity score, Glasgow coma score, arrival hemodynamic variables, and associated
injuries. Operative data included: type of procedure (OR or TEVAR), duration of procedure, need for and amount of
blood transfused, use of anticoagulation, type of anesthesia, and service performing the procedure. Outcomes evaluated
were: death, paraplegia, length of stay, days ventilated, and procedure related complications. Specific to EVAR; access,
stent graft type and number, presence of endoleak and long-term clinical and radiologic follow-up were evaluated.
Results: Thirty cases of blunt thoracic aortic injury were identified. Two patients received no treatment and died, 28
patients were treated (OR 16, TEVAR 12) and included for comparison. There were no significant differences between
groups with respect to preoperative variables with the exception of significantly more associated intra-abdominal injuries
in the TEVAR group (P  .03). Five patients in the OR group (31.2%) died in the perioperative period. There were no
deaths in the TEVAR group (P.05). OneOR patient (6.25%) suffered postoperative paraplegia. No paraplegia occurred
in the TEVAR group. Intraoperative variables were similar between groups with the exception of mean units of blood
transfused ( OR 8.5 units, vs TEVAR 0.2 units, P  .002). Ten patients in the OR group either died or had a procedure
related complication compared with none in the TEVAR group (P  .001). There was no difference in length of stay or
length of mechanical ventilation between the groups. There were no procedure or device related complications in the
TEVAR group during follow-up (mean 15.3 months, range 1 to 53.5 months).
Conclusions: Endovascular repair of BAI results in significantly less combined mortality and morbidity when compared to
OR. Significantly less blood is needed intraoperatively in the TEVAR group. No complications from stent graft insertion
have been observed during follow-up. Endovascular repair is replacing open repair as the treatment of choice for BAI at
our institution. (J Vasc Surg 2007;46:662-8.)Acute thoracic aortic rupture or pseudoaneurysm for-
mation as a result of blunt trauma is a serious and devastat-
ing consequence of deceleration trauma most commonly as
a result of motor vehicle collisions and falls. It is the second
most common cause of death from blunt trauma second
only to major head injury.1 The majority of victims die at
the scene with an 85% to 90% pre-hospital mortality.1-4 The
choice and timing of intervention for these often critically
ill patients in the acute setting must be individualized.
Definitive treatment is often delayed in these patients due
to the need to manage multiple associated injuries. The risk
of delaying treatment is the in hospital rupture rate of 10%
to 13%.5-7 Rupture usually occurs within a few hours of
admission 5-7 thus, requiring the treating physician to have
appropriate treatment available in an expeditious manner.
Approaches to these patients include careful monitor-
ing and blood pressure control, open surgical repair, and
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662more recently, endovascular repair of the blunt thoracic
aortic injury (BAI). Open repair carries an 8% to 24% 5,8-11
risk of paraplegia and an operative mortality rate of up to
30% in published series.5,6,11 The potential benefits of
thoracic endovascular aortic repair (TEVAR) over open
repair include: no thoracotomy, no need for single lung
ventilation, decreased use of systemic anticoagulation,
avoidance of aortic cross clamping, less blood loss, less
postoperative pain, and lower paraplegia rate. These factors
could potentially result in improved overall survival and
recent reports and case series from groups performing
TEVAR demonstrate perioperative mortality rates of 0% to
20% and paraplegia rates of zero.12-25
At our institution we have been performing TEVAR to
treat various lesions of the descending thoracic aorta since
1998, and in 2002, we started treating selected patients
with BAI using endovascular stent grafts. The purpose of
the present study was to review the management of BAI at
our institution and evaluate the impact of TEVAR on
perioperative morbidity and mortality.
METHODS
Case identification. The management of all patients
presenting to our institution with a diagnosis of BAI from
1994 to July 2006 was reviewed retrospectively. The Insti-
tutional Review Board Ethics Committees granted ap-
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searches of the medical records database, trauma database,
and a prospectively created endovascular database. Inclu-
sion criteria were all patients presenting with a confirmed
diagnosis of BAI who underwent attempted repair, either
open or endovascular, of their injury. Using our search
methods, 44 cases were identified as thoracic aortic trauma
from 1994 toNovember 2006. Sixteen cases were excluded
from the comparative analysis. Reasons for exclusion were,
4 had penetrating injury, 3 were dead on arrival, 2 had
suspected BAI at the time of admission but this was not
confirmed on subsequent imaging, 2 patients had emer-
gency room thoracotomies and died before any type of
repair was possible, 1 patient had a left ventricular outflow
injury, and 1 patient had a proximal ascending aortic lesion
and therefore would not have been candidates for endovas-
cular repair. One patient had an endovascular repair of a
chronic pseudoaneurysm of the descending aorta caused by
a remote trauma. Thirty patients were considered eligible
for operative repair. Two patients had no intervention, one
was very elderly and the family refused operative treatment,
and the other was deemed to have an extremely poor
neurologic prognosis and no treatment was offered. Both
of these patients died in hospital. A total of 28 patients (16
open, 12 endo) remained eligible for comparative analysis.
Data collection. Preoperative variables collected in-
cluded age, gender, date of injury and diagnosis, injury
severity score (ISS), associated injuries, Glascow coma scale
(GCS), preoperative hemodynamic variables (heart rate,
blood pressure), arterial pH, creatinine, and blood transfu-
sion. The times from admission to intervention and from
diagnosis of BAI to intervention were also recorded.
Operative variables recorded included: procedure per-
formed, service performing the procedure (cardiothoracic
or vascular surgery), duration of the procedure, aortic cross
clamp duration, use of systemic heparinization, use of
circulatory support, type of anesthesia, and intraoperative
blood use. Specific to endovascular repair, the use of aden-
osine during stent deployment, the need for a conduit for
endovascular access, the number and type of stent grafts
used per patient, covering of the left subclavian artery and
the need for extra-anatomic bypass were all recorded. Post-
operative variables included: mortality, paraplegia, need for
re-intervention, complications attributable to the proce-
dure, duration of mechanical ventilation, and length of stay
(intensive care unit [ICU] and total). For patients in the
endovascular group only, the presence of an endoleak and
the length of radiographic and clinical follow-up were
recorded.
Procedure description. BAI was first treated by
TEVAR in 2002 at our institution. Prior to this, all repairs
were open repairs. Cases of BAI were referred to either the
cardiothoracic surgery service or the vascular surgery ser-
vice at the discretion of the treating trauma physician. As
the trauma service became increasingly aware of the vascu-
lar surgeons’ ability and interest to treat BAI with TEVAR,
there was an increase in consultation to the vascular surgeryservice for treatment of this pathology and thus a trend
toward increased use of TEVAR.
The use of endovascular stent grafts for BAI patients
was possible due to special access to these devices granted
by Health Canada at our institution. All endovascular pro-
cedures were performed in the operating room by the
vascular surgery service using portable C-arm fluoroscopy
(OEC 9800, GE medical Systems, Milwaukee, Wis). All
repairs were done using the Talent (Medtronic, Santa Rosa,
Calif) self-expanding thoracic endovascular stent grafts.
The grafts were oversized by 10 % with respect to aortic
diameter and ranged in size from 22 to 44 mm proximal
diameters. The proximal configuration of the grafts was the
bare stent. Access for graft delivery was either through the
common femoral artery or an iliac artery via retroperitoneal
exposure. A catheter used for angiography during graft
deployment was placed percutaneously either through the
contralateral femoral artery or the right brachial artery.
Patients were anticoagulated with intravenous heparin dur-
ing stent-graft deployment when there was no contraindi-
cation for anticoagulation. Follow-up post TEVAR was by
serial CT scan with contrast, prior to discharge and every 6
months post discharge.
Open procedures were all performed under general
anesthetic by the cardiothoracic surgery service. A left
posterolateral thoracotomy was used in all cases of open
repair. The technique of repair was at the surgeon’s discre-
tion and included interposition grafting and direct suture
repair. The use of extracorporeal circulatory support was
also at the discretion of the attending surgeon.
Statistical analysis. Statistical analysis was performed
using StatView (Abacus Concepts, Berkley, Calif). The
Mann-Whitney U test was used to analyze data with non-
normal distribution of the variables. Normally distributed
continuous variables were analyzed using the Student
t-test. Nominal variables were compared using the Fischer
exact test. A P value less than .05 was chosen to denote
statistical significance.
RESULTS
Over the 12 years of the study 28 patients were treated
for BAI (range 0 to 6 per year, mean 2.33 per year). Prior to
2002, all patients (11 patients) were treated with open
surgery, while from 2002 to 2006, 12 were treated with
TEVAR and five with open surgery (Fig 1). There was no
significant difference between the patients treated with
TEVAR and those treated with open repair with respect to
preoperative demographic and physiologic variables (Table I)
or associated injuries (Fig 2) with the exception of the
TEVAR group having more associated intra-abdominal
injuries (TEVAR 75.0%, open 31.25%, P  .03).
The median time from arrival at the trauma center to
aortic intervention was 14.7 hours (3.6 to 380.1 hours) in
the TEVAR group and 7.0 hours (2.0 to 124.8 hours)
in the open surgical group. (P .29). For TEVAR patients,
the diagnosis and graft sizing was made with CT scan in all
patients (two patients also had preoperative angiography),
while for OR patients 14 patients had diagnosis made on
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two on angiography alone. The median time from diagno-
sis, defined as the time of diagnostic imaging test which
confirmed the diagnosis to repair, was 8.1 hours (3.1 to
376 hours) in the TEVAR group and 4.5 hours (1.9 to 69.2
hours)in the open group (P  .04). All OR patients had
their diagnostic study performed at the treating institution,
only one of the 12 TEVAR patients was transferred to the
trauma center with the diagnosis of BAI.
All patients in the open group underwent repair under
general anesthesia with single lung ventilation through a
left posterolateral thoracotomy. Of those patients undergo-
ing open repair, 15 had placement of an interposition graft
and a single patient had simple suture repair of the site of
injury. Thirteen patients underwent “clamp and sew” tech-
nique without circulatory support. Two patients under-
went left heart bypass (left atrial to femoral vein bypass) and
one patient, in extremis, underwent intentional circulatory
and hypothermic arrest. Mean aortic cross clamp time was
41 minutes (9 to 163 minutes).
Eleven of the 12 TEVAR procedures were performed
under general anesthesia, while a single patient had a repair
under spinal anesthesia. The indication for general anesthe-
sia in this group was concomitant injury requiring endotra-
cheal intubation. In the group of patients treated with
TEVAR, all the procedures were successful with deploy-
ment of a single endograft, and there were no conversions
to open repair. Specific technical details of the TEVAR
procedures are presented in Table II.
Intraoperative variables for the two groups are summa-
rized in Table III. The only statistically significant differ-
ence noted is the decreased need for intraoperative blood
transfusion in the TEVAR group.
There were no deaths in the endovascular group and
five (31.25%) deaths in the open group (P  .05) (Table
IV). Three patients died in the operating room following
surgical repair. One patient died within 12 hours of the
procedure from severe lung injury, and the final patient
died 25 days postoperatively following a cardiac arrest. One
Fig 1. Number of procedures by year and treatment group.patient (6.25%) in the open group had lower limb paraple-gia postoperatively. One patient (6.25%) in the open group
was returned to the operating room for postoperative
bleeding. No patients in the endovascular group required a
vascular re-intervention. A combined end point of death or
any complication related to the procedure, shows a statis-
tically significant difference (62.5% open vs 0% endo, P 
.001) favoring endovascular repair. The two groups were
similar with respect to number of postoperative days requir-
ing mechanical ventilation and the total number of ICU
and hospital days.
All TEVAR patients have had postprocedure CT
follow-up exams, and the average length of clinical and/or
radiologic follow-up time in the endovascular group was
15.3 months with a single patient having been followed for
over 4 years. There have been no procedure related com-
plications, including endoleak, migration, graft failure, or
late death, during the follow-up period in the endovascular
group.
DISCUSSION
Disruption of the thoracic aorta as a result of sudden
impact injury is a major cause of mortality in the trauma
population. The standard treatment for most patients with
BAI, who survive the initial injury to reach hospital and to
diagnosis, has been open surgical repair. Recently, with the
introduction of thoracic endovascular repair for differing
thoracic aortic pathologies, TEVAR has been used to treat
trauma patients with BAI. In our short experience with
TEVAR for repair of these injuries at our institution, we
have seen a low perioperative complication rate when com-
pared to open repair. During the 12 years of this study,
there were five deaths in the open group and none in the
endovascular group despite the patients being well matched
for preoperative variables. Four of the five deaths in the
open group occurred during the era of endovascular repair.
In our series, there were no procedure related compli-
cations in the endovascular group, however, procedure
related complications of TEVAR for BAI have been previ-
ously reported in the literature. In the largest series of
endovascular repair for BAI published to date, Tehrani
et al24 reported that three of 30 patients had a complication
related to the procedure. These included an iliac artery
rupture, one cerebellar stroke and one case in which partial
stent collapse was seen. Other reported complications as a
direct result of endovascular repair of BAI include: en-
doleaks, stent fracture, the need for open conversion and
stent migration.15,18,20,21,23,24
In four patients with severe associated head or other
injuries where systemic heparinization was contraindicated,
we were able to perform TEVAR with local heparin saline
flushes of the access arteries to prevent local thromboses
due to the large bore deployment sheaths. In those patients
who were not systemically heparinized during the endovas-
cular procedure, there were no cases of embolic or throm-
botic complications as a result. By avoiding systemic anti-
coagulation repair of BAI was not delayed for fear of
increased bleeding from concomitant injuries while allow-
e.
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rupture.
The results of other published series comparing
TEVAR and open repair for treatment BAI are summarized
Table II. Specific technical details of endovascular repair
Patients (%)
Adenosine during stent
deployment 4 (36.4)*
Arterial access 10 (83.3) common femoral artery
2 (16.7) common iliac conduits
No of stent grafts per patient 1
Type of graft 12 (100) talent†
Intentional covering of the
left subclavian artery 8 (66.7)‡
Cervical extra-anatomic
bypass 0 (0)
Zone of repair§
Zone 1 (%) 0 (0)
Zone 2 (%) 8 (66.7)
Zone 3 (%) 3 (25.0)
Zone 4 (%) 1 (8.3)
*Adenosine was used selectively for Zone 2 deployments.
†Talent thoracic endovascular stent graft (Medtronic, Santa Rosa, Calif).
‡No patient required extra-anatomic bypass as a result of covering of the
origin of the left subclavian artery.
§Zone of repair refers to the site of the proximal landing zone of the
endograft. Zone 1, distal to the origin of the innominate artery; Zone 2,
distal to left common carotid artery origin; Zone 3, distal to the left
subclavian artery origin; Zone 4, greater than 2 cm distal to the origin of the
left subclavian artery.
Table I. Preoperative comorbidity and physiologic variabl
Preoperative variable Open
Mean age in years (/SD) 42.
Males (%) 1
Mean ISS score (/SD) 45.
Mean GCS (/SD) 11.
Mean heart rate (/SD) 105.
Patients with Bp  90 mm Hg systolic
Patients with preop blood transfusion (%)
Mean arterial pH (/SD) 7.2
Mean creatinine* (/SD) 102.
SD, Standard deviation; ISS, Injury severity score; GCS, Glasgow coma scal
*Units mmol/L.
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Fig 2. Associated injuries by treatment group. (*P  .03).in Table V.12-17 Only four of these studies included apreoperative comparison between the groups which in-
cluded the ISS. The mean time to repair was delayed
beyond 24 hours in the majority of the endovascular pro-
cedures. Although these studies are heterogeneous with
respect to the type of endovascular prosthesis, and the
timing of intervention, all report better early outcomes
following endovascular repair including decreased mortal-
ity in the TEVAR group in all six studies (Open mortality
rate 9.1% to 50.0%, TEVAR mortality 0% to 20.0%). A
single patient died as a direct result of endovascular repair as
reported by Andrassy et al.15 In this patient, a stent fracture
and collapse of the endoprosthesis caused acute aortic
occlusion which was repaired with an open procedure, the
patient, however, died as a result of severe reperfusion
injury. This is the only death reported in the literature as a
direct result of an endovascular complication for repair of
BAI.
Postoperative paraplegia due to spinal cord ischemia is
a significant risk of repair of BAI. The etiology of this
complication is multifactorial and includes spinal cord isch-
emia secondary to: interruption of intercostal blood, em-
bolization, hypoperfusion of the spinal cord during aortic
cross clamping, and spinal cord edema. In recent years,
many techniques have been used to reduce the risk of
paraplegia after surgery for lesions of the descending tho-
racic aorta including repair of post traumatic lesions. These
adjuncts to surgery include the use of perioperative cere-
brospinal fluid drainage, and lower body perfusion tech-
niques such as the Gott shunt, left heart bypass techniques,
and cardiopulmonary bypass. In a review of their 30 year
experience with traumatic aortic rupture, Cardelli et al11
demonstrated that the incidence of paraplegia following
open repair was significantly less with the use of lower body
bypass support. In a large multicenter prospective trial on
the treatment of BAI, both a clamp and sew technique and
an aortic cross clamp time of greater than 30 minutes were
associated with the development of postoperative paraple-
gia.5 The single patient in our series who experienced
paraplegia as a result of open surgery was supported during
the procedure with left heart bypass and lower body perfu-
sion. In our small series, we did not have any cases of
admission
16) TEVAR (n  12) P value
.6) 43.8 (19.9) 0.90
) 8 (66.7) 0.69
.2) 37.9 (12.6) 0.28
) 13.1 (3.9) 0.26
.0) 108.9 (21.8) 0.65
1 0.99
.3) 8 (66.7) 0.40
8) 7.27 (0.06) 0.95
.8) 93.1 (30.7) 0.38es on
(n 
9 (18
2 (75
8 (18
1 (4.5
3 (20
1
9 (56
7 (0.0
2 (21paraplegia in the TEVAR group. To our knowledge, no
d one
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lar repair of BAI has been reported in the literature.
There are certain criteria which must be met in order to
offer endovascular repair for BAI. First, an endovascular
surgeon or interventionalist who is able to perform endo-
vascular thoracic aortic procedures must be available along
with the appropriate interventional suite or operating room
and support. Second, an appropriate endovascular stent
graft device must be available. This can be a problem if the
device is not “on the shelf” or available in an acceptable
period of time. There appears to be decreased complica-
tions and re-interventions with industry supplied stent
grafts when compared with homemade stent grafts. The
third issue is that of anatomic suitability. In the present
study, no patients were denied endovascular repair based
on anatomical criteria. As our experience with endovascular
procedures grows we are more aggressive with stent graft
utilization in what may previously have been considered
unsuitable anatomy. To extend the proximal landing zone,
coverage of the left subclavian artery has not resulted in any
complications or need for intervention in this series. For
patients with external iliac arteries considered too small for
sheath insertion (8 mm), a temporary common iliac
artery or aortic conduit can be used with a limited retroper-
itoneal approach. The trauma population is younger than
the population of patients receiving TEVAR for aneurysmal
or other pathologies. This younger population has a smaller
aortic diameter compared with the aneurysmal population
Table III. Operative comparisons
Operative variable O
Mean duration of procedure in hours (/SD)
Mean Aortic cross clamp time*(range)
No of patients systemically heparinized (%)
Anesthesia type
Mean no of units PRBC transfused (/SD)
SD, Standard deviation; PRBC, packed red blood cells.
*minutes.
Table IV. Outcome comparisons between open repair an
Open
Mortality† (%) 5 (
Paraplegia (%) 1 (
Re-intervention (%) 1 (
Procedure related complication* (%) 10 (
Mean ventilator days (/SD) 7.8 (
Mean ICU days (/SD) 10.7 (
Mean Hospital days (/SD) 41.5 (
Mean follow-up time in months (range)
Endoleak
SD, Standard deviation; ICU, intensive care unit.
*Five deaths, one vocal cord paralysis and lower extremity paraplegia in the sa
bleed from operative site requiring reoperation, and one wound infection.
†Three intraoperative deaths due to hemorrhage, one severe lung injury, anfor which many of the commercially available endoprosthe-ses were designed. In this series, we did not have any
complications due to oversizing of the graft nor did we
deny any patient TEVAR due to small aortic diameter. The
development of smaller diameter devices with lower profile
delivery systems would be of benefit in treating these pa-
tients and some day may allow for a total percutaneous
approach.
As with any new procedure, follow-up and long-term
outcomes are important. In our small series, we demon-
strate no mid-term complications as a result of this proce-
dure with the longest follow-up of a single patient being 40
months. Lifelong follow-up surveillance is indicated for
these patients to monitor for any potential device related
complication and this may be difficult given the younger
age of the trauma population. The pathology of BAI injury
is different from the underlying atherosclerotic process seen
in the majority of thoracic aortic aneurysm treated with
endovascular devices and stent graft deployment in these
non-diseased aortas is expected to stand the test of time.
Further long-term follow-up is required.
This study is limited by its retrospective nature and
relatively small numbers. Despite these uncontrollable
shortcomings, endovascular treatment of BAI has been
demonstrated to be superior to open repair with respect to
decreased mortality, decreased procedural complication and
decreased need for operative blood transfusion. As a result of
this review and previously published reports, at our institu-
tion, endovascular repair is being offered preferentially over
N  16 TEVAR N  12 P value
1.5) 2.2 (0.8) 0.14
9-163) NA
44) 5 (41.7) 0.99
eneral 11 General
1 Spinal
0.43
7.9) 0.2 (0.4) 0.002
VAR
16 TEVAR N  12 P value
5) 0 (0) 0.05
) 0 (0) 0.48
) 0 (0) 0.48
) 0 (0) 0.001
6.9 (7.9) 0.77
10.1 (9.3) 0.88
) 31.7 (25.2) 0.47
15.3 (1-53.5)
0
tient, one phrenic nerve injury, one severe post thoracotomy pain, onemajor
cardiac arrest.pen
2.9 (
41 (
7 (
16 G
8.5 (d TE
N 
31.2
6.25
6.25
62.5
7.9)
8.9)
33.1
me paopen surgery in patients suffering BAI whenever possible.
to re
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